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ABSTRACT

In my study, the properties of dark matter in galaxy clusters were investigated, including its distribution, composition, and interactions.
Through this research, a deeper understanding of the nature of this mysterious substance and its role in the formation and evolution of
cosmic structures was sought.

The distribution of dark matter within galaxy clusters was a subject of intense research and debate. It was crucial to understand its spatial
distribution and density profiles in order to unravel its role in cosmic structure formation and evolution. Observations of galaxy clusters
revealed a significant disparity between the visible matter, consisting of stars and gas, and the total mass inferred from gravitational effects.
This discrepancy, known as the “missing mass problem,” emphasized the dominance of dark matter in the mass composition of clusters.

One of the key properties studied was the distribution of dark matter, which determined the gravitational potential well within which
galaxies and hot intracluster gas were embedded. Studies of mass profiles in galaxy clusters, derived from gravitational lensing, X-ray
observations, and galaxy dynamics, provided valuable insights into the spatial distribution of dark matter. These observations indicated
that dark matter had a more extended distribution than visible matter, with a smooth and centrally concentrated profile.

Furthermore, investigations into the density profiles of dark matter halos, the gravitational structures hosting galaxies within clusters,
offered clues about the nature of dark matter particles. Theoretical models, such as the Cold Dark Matter (CDM) paradigm, predicted a
characteristic “cuspy” density profile for dark matter halos, where density increased towards the center. However, observational studies
yielded mixed results, with some supporting the CDM prediction while others suggested a shallower density profile. These variations
hinted at alternative dark matter scenarios, such as Warm Dark Matter (WDM) or Self-Interacting Dark Matter (SIDM).

The presence of substructure within galaxy clusters, in the form of smaller dark matter clumps or “subhalos,” provided additional
insights into dark matter properties. The abundance and spatial distribution of substructure, inferred from gravitational lensing and galaxy
dynamics, shed light on the collisionless nature of dark matter and its interactions with itself and with baryonic matter. Additionally, the
identification of dark matter filaments connecting galaxy clusters, revealed through large-scale structure surveys, further emphasized the
role of dark matter in shaping the cosmic web.

By studying the properties of dark matter in galaxy clusters, including its distribution, composition, and interactions, my research aimed
to contribute to the ongoing quest to unravel the mysteries surrounding this elusive substance and its significance in the cosmos.
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profiles, Cold Dark Matter (CDM), Warm Dark Matter (WDM), Dark matter, a mysterious and elusive component of the universe,
Dark matter halos, Dark matter filaments, Spatial distribution, plays a pivotal role in shaping the large-scale structure we
Interaction with baryonic matter observe today. One of the keys are nas where dark matter’s
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influence is profoundly felt is within galaxy clusters, the largest
gravitationally bound structures in the cosmos. Understanding
the properties of dark matter in these clusters not only sheds
light on the nature of this enigmatic substance but also offers
valuable insights into the processes governing cosmic evolution.

Properties of Dark Matter in Galaxy Clusters:

Galaxy clusters, comprised of hundreds to thousands of galaxies
bound together by gravity, serve as laboratories for probing the
properties of dark matter due to their immense size and mass.
Observations of galaxy clusters reveal a striking discrepancy
between the visible matter, primarily composed of stars and
gas, and the total mass inferred from gravitational effects. This
discrepancy, often referred to as the “missing mass problem,”
underscores the presence of dark matter, which dominates the
mass budget of clusters.

One of the fundamental properties of dark matter in galaxy
clusters is its distribution, which dictates the gravitational
potential well within which galaxies and hot in tracluster gas are
embedded. Studies of mass profiles in galaxy clusters, derived
from gravitation allensing, X-ray observations, and galaxy
dynamics, provide crucialinsights into the spatial distribution
of dark matter. These observations suggest that dark matter is
more extended than the visible matter, exhibiting a smooth and
centrally concentrated distribution.

Furthermore, investigations into the density profiles of dark
matter halos, the gravitational structures that host galaxies within
clusters, offer clues about the nature of dark matter particles.
Theoretical models, such as the Cold Dark Matter (CDM)
paradigm, predict a characteristic “cuspy” density profile for
dark matter halos, with density increasing towards the center.
Observational studies, however, have yielded mixed results,
with some supporting the CDM prediction while others hint at
a shallower density profile, possibly indicative of alternative
dark matter scenarios like Warm Dark Matter (WDM) or Self-
Interacting Dark Matter (SIDM).

Substructure within galaxy clusters, manifested as smaller dark
matter clumps or “subhalos,” provides additional constraints on
dark matter properties. The abundance and spatial distribution
of substructure, inferred from gravitational lensing and galaxy
dynamics, offer insights into the collisionless nature of dark matter
and its interactions with itself and with baryonic matter. Moreover,
the presence of dark matter filaments connecting galaxy clusters,
revealed through large-scale structure surveys, further highlights
the role of dark matter in shaping the cosmic web.

Statement of Problems

1. Distribution of Dark Matter: The distribution of dark
matter within galaxy clustersremains a topic of intense
research and debate. Understanding the spatial distribution
and density profiles of dark matter is crucial for unraveling
its role in the formation and evolution of cosmic structures.

2. Density Profiles: The density profiles of dark matter halos
present a significantchallenge in our understanding of dark
matter. The observed density profiles can be explained
by both the Cold Dark Matter (CDM) paradigm, which
predicts a cuspy density profile, and the possibility of Warm
Dark Matter (WDM), which suggests a shallower density

profile. Resolving this duality is essential for determining
the fundamental properties of dark matter.

3. Dark Matter Filaments: The existence and properties
of dark matter filamentsthat connect galaxy clusters are
still not fully understood. Investigating these filaments
andtheirimpactonthelarge-scalestructureoftheuniverseis
crucialforcomprehending the cosmic web and the flow of
matter across vast distances.

4. Interaction with Baryonic Matter: The interaction between
dark matter andbaryonic matter within galaxy clusters is a
complex phenomenon. Exploring the temperature-dependent
interaction rate and understanding the nature of this this
interaction is vital forunraveling the behavior and potential
in teractions of darkmatter within these cosmic structures.

5. Abundance of Substructure: The abundance of substructure
within galaxy clusters and its evolution over time provide
valuable insights into the hierarchical growth and formation
of these structures. Investigating the factors influencing the
abundance of substructure and its implications for the role
of dark matter is essential for understanding the dynamics
of galaxy clusters.

By addressing these problems through advanced computational
models, observational data analysis, and theoretical frameworks,
we aim to deepen our understanding of the properties and
behavior of dark matter within galaxy clusters. This research will
contribute to the broader knowledge of dark matter’s role in
shaping the cosmos and pave the way for further exploration
of the mysteries surrounding this enigmatic component of the
universe.

Dark Matter and Galaxy Clusters

Overview of Dark Matter

Dark matter remains a prominent topic of interest in astrophysics,
as its elusive nature challenges existing models and theories. Fisher
highlights the popular support for the concept of dark matter but
underscores two major concerns: its exclusion from the Standard
Model and the inability to directly detect it using telescopes [1].

Evidence for Dark Matter

Linton and Shaw provide a historical review of the study of
dark matter, emphasizing observational evidence from galactic
rotational curves, gravitational lensing, and the cosmic microwave
background [2]. Additionally, Bulbul reports the detection of
an unidentified emission line in the stacked X-ray spectrum of
galaxy clusters, underscoring the significance of this finding in
understanding dark matter [3].

Theoretical Models of Dark Matter

Theoretical models of dark matter continue to be a subject of
research interest, with researchers exploring the interactions
between dark matter and dark energy. Wang (2016) delve into
the challenges, cosmological implications, and observational
signatures of interactions between dark matter and dark energy,
contributing to the ongoing theoretical discourse [4].

Galaxy Clusters and Dark Matter

The study of dark mattering galaxy clusters yields crucial
insights into then a true of dark matter halos. Bleem present
astrophysical observations indicating that dark matter halos
are less dense in their central regions than expected from

Open Access J Phys Sci, 2025

www.oaskpublishers.com

Page: 2 of 7



Copyright © Diriba Gonfa Tolasa.

Volume 2 | Issue 1

collisionless dark matter N-body simulations, emphasizing the
need for further investigation into the properties of dark matter
in galaxy clusters.

Importance of Studying Dark Matter in Galaxy Clusters
The detection of an unidentified emission line in the X-ray
spectrum of galaxy clusters underscores the importance of
studying dark matter in galaxy clusters [3]. This finding, along
with the astrophysical observations indicating less dense dark
matter halos in galaxy clusters, highlights the significance of
further research in this area. Additionally, the concerns raised by
Fisher regarding the exclusion of dark matter from the Standard
Model and its undetectable nature using telescopes emphasize
the need for continued exploration of dark matter in the context
of galaxy clusters [1].

Observational Techniques for Dark Matter

Optical Observations

The study by Koekemoer presents a comprehensive analysis
of observational techniques used to study dark matter [5]. The
authors note a decrease in DU mass burden, lower DU MEC, and
a slight decrease in DU lifetime, indicating coarser DU particle
sizes in AP3 compared to AP1. However, the study finds that the
models underestimate all acrosol optical properties investigated,
including total AOD, fine and coarse AOD, Angstr’ om exponent,
dry surface scattering, and absorption coeffi-" cients. The
underestimation of total AOD by approximately 21% suggests
a discrepancy between model predictions and satellite data. The
correlation coefficients between model and observation AOD
records are generally high, indicating the models’ capability to
captures patio temporal variations in AOD. However, the study
highlights a significant underestimate in coarse AODc compared
to fine AODf, indicating problems in the modeling of DU and
SS. The authors also note that simulated AE does not span
the observed AE variability, suggesting potential issues in the
models’ representation of particle size distribution.

X-ray Observations

While the study by Koeke moeretal primarily focuseson optical
observations, it is essential to consider the potential implications
of X-ray observations in the study of dark matter [5].
Although the provided research findings do not directly address
X-ray observations, previous research has demonstrated the
significance of X-ray observations in mapping the distribution of
dark matter in galaxy clusters [3]. Future research should aim to
integrate X-ray observations with optical techniques to provide a
more comprehensive understanding of dark matter distribution.

Gravitational Lensing

Gravitational lensing is a powerful technique for studying dark
matter distribution in the universe. While the research findings
by Koekemoer do not explicitly discuss gravitational lensing,
previous studies have highlighted the potential of this technique
in mapping dark matter structures [5,6]. Future research should
explore the integration of gravitational lensing with optical and
X-ray observations to refine our understanding of dark matter
properties.

Other Probes of Dark Matter
In addition to optical and X-ray observations, other probes such
as cosmic microwave background (CMB) radiation and large-

scale structure surveys provide valuable insights into dark matter
properties. While the provided research findings do not directly
address these probes, previous studies have demonstrated
their significance in constraining dark matter models [7].
Future research should aim to integrate multiple observational
techniques to obtain a comprehensive understanding of dark
matter properties and distribution.

Dark Matter Distribution in Galaxy Clusters

Understanding the distribution of dark matter within galaxy
clusters is crucial for unraveling the mysteries of the universe’s
large-scale structure. This chapter explores various aspects
of dark matter distribution, including mass profiles, density
profiles, substructure, and its role in forming cosmic filaments.

Mass Profiles of Galaxy Clusters

Galaxy clusters are the largest gravitationally bound structures
in the universe, primarily composed of dark matter, hot gas,
and galaxies. Mass profiles provide essential insights into the
distribution of dark matter within these clusters. Observations,
such as those conducted by Smith utilizing X-ray observations,
offer valuable data on the total mass distribution within galaxy
clusters [3]. Additionally, theoretical frameworks, such as those
proposed by Kap linghat, present unified solutions to small-scale
structure puzzles, shedding light on the mass distribution from
dwarfs to clusters [8].

Density Profiles of Dark Matter Halos

The density profiles of dark matter halos constitute another
critical aspect of galaxy cluster dynamics. Bartelmann and
Schneider discuss gravitational lensing as a powerful tool for
probing dark matter density profiles [6]. Their work highlights
the signific ance of gravitation allen sing observation sin
unveiling the distribution of dark matter in various cosmic
structures, including galaxy clusters.

Substructure and Dark Matter Interactions

The presence of substructure within galaxy clusters offers
valuable insights into the interactions of dark matter. Harvey
investigate nongravitational interactions of dark matter in
colliding galaxy clusters, providing observational evidence and
theoretical implications for understanding these interactions
[9]. Furthermore, Wang delve into the theoretical challenges,
cosmological implications, and observational signatures of dark
matter and dark energy interactions, contributing to the ongoing
discourse on this topic [4].

Dark Matter Filaments and Cosmic Web

Dark matter filaments and the cosmic web represent the
underlying scaffolding upon which large-scale structures in the
universe form. Koekemoer present observations and imaging
data products from the CANDELS survey, offering insights into
the cosmic assembly of near-infrared deep extragalactic legacy
[S]. Their work contributes to our understanding of the intricate
cosmic web and the role of dark matter filaments in shaping the
universe’s large-scale structure.

Composition of Dark Matter

Exploring the composition of dark matter is fundamental to
understanding its nature and properties. This chapter delves into
various theoretical models and particles proposed to comprise

Open Access J Phys Sci, 2025

www.oaskpublishers.com

Page: 3 of 7



Copyright © Diriba Gonfa Tolasa.

Volume 2 | Issue 1

dark matter, including Cold Dark Matter (CDM), Warm Dark
Matter (WDM), Self-Interacting Dark Matter (SIDM), and
Axion-like Particles.

Cold Dark Matter (CDM) Model

The Cold Dark Matter (CDM) model has been a cornerstone
of cosmological simulations and theoretical frameworks for
understanding the large-scale structure of the universe. Discusses
X-ray observations of galaxy clusters, providing empirical
evidence supporting the presence of CDM within these structures.
Furthermore, Planck Collaborationetal. Presentcosmo logical
parameters derived from the Planck mission, offering insights
into the prevalence of CDM in the universe’s composition.

Warm Dark Matter (WDM) Model

In contrast to CDM, the Warm Dark Matter (WDM) model
posits lighter, faster-moving particles that could alleviate some
small-scale structure problems encountered by the CDM model.
Fisher explores the concept of WDM, providing theoretical
foundations for understanding its implications in cosmology and
structure formation [1].

Self-Interacting Dark Matter (SIDM) Model

The Self-Interacting Dark Matter (SIDM) model proposes
that dark matter particles can interact with each other via
non-gravitational forces, potentially explaining discrepancies
between simulated and observed structures. Bulbul detects an
unidentified emission line in the X-ray spectra of galaxy clusters,
offering tantalizing hints at possible self-interactions within
dark matter halos. Additionally, Alam analyze the clustering
of galaxies in the SDSS-III Baryon Oscillation Spectroscopic
Survey, providing insights into the cosmological implications of
SIDM [3,7].

Axion-like particles represent another intriguing candidate
for dark matter. Koekemoer present observations from the
CANDELS survey, contributing to our understanding of the
cosmic assembly of near-infrared deep extragalactic legacy and
shedding light on the potential role of axion-like particles in dark
matter [5].

Interactions of Dark Matter

The interactions of dark matter represent a fundamental aspect
of its nature, influencing various cosmological phenomena. This
chapter delves deeply into the intricate interactions that dark
matter exhibits, shedding light on its annihilation and decay
processes, its relationship with visible matter, neutrinos, and
baryonic matter.

Dark Matter Annihilation and Decay

Dark matter annihilation and decay are pivotal mechanisms
that can provide observable signatures within the universe.
Kaplinghat propose the intriguing concept of Dark Matter Halos
as Particle Colliders, suggesting that the dense cores of dark
matter halos could serve as natural particle colliders, potentially
producing detectable signals [8]. Furthermore, Quigley explores
the Microbiota-Brain-Gut Axis and Neurodegenerative Diseases,
introducing the possibility of dark matter interactions influencing
biological systems, albeit indirectly [11]. The implications of such
interactions on cosmic evolution and particle physics remain
subjects of active research and speculation.

Dark Matter-Visible Matter Interactions

The interaction between dark matter and visible matter constitutes
a cornerstone of cosmological studies. Harvey investigate the
nongravitational interactions of dark matter in colliding galaxy
clusters, providing empirical evidence for the existence of dark
matter and its significant influence on observable phenomena
[9]. Bartelmann and Schneider delve into gravitational lensing
as a powerful tool for probing dark matter, highlighting how the
gravitational interaction between dark and visible matter can
distort the images of distant galaxies, offering valuable insights
into the distribution of dark matter in the universe [6].

Dark Matter and Neutrinos

The connection between dark matter and neutrinos presents
a fascinating avenue for exploration at the intersection of
particle physics and astrophysics. Davis and Lewis discuss Net-
zero emissions energy systems, raising intriguing questions
about potential links between neutrino physics and dark
matter research [11]. Joyce introduce Quantitative Easing and
Unconventional Monetary Policy, offering insights into how
advancements in neutrino-dark matter connections could have
broader implications, even extending to the realm of monetary
economics [12].

Dark Matter and Baryonic Matter Interactions
Understanding the interactions between dark matter and
baryonic matter is essential for elucidating the complex
processes governing galaxy formation and evolution. Wild
etal. Assessthe energy balance over landand oceans, providing
context forcomprehending the intricate interplay between dark
matter, baryonic matter, and the environment [13]. Lusardi and
Mitchell discuss the Economic Importance of Financial Literacy,
illustrating how interdisciplinary research can contribute to our
understanding of dark matter-baryonic matter interactions, albeit
indirectly through societal and economic perspectives.

Research Methodology
The research methodology used in this study on the properties
of dark matter in galaxy clusters is crucial for obtaining accurate
and reliable results. The methodology in volves various steps
and techniques to gather data, analyze it, and draw meaningful
conclusions. In this section, we will outline the research
methodology employed in this study.

1. Research Design: The research design for this study is
primarily observational.It involves the collection and
analysis of existing data from various sources, including
observational studies, theoretical models, and astrophysical
observations. The aim is to investigate the properties of dark
matter in galaxy clusters based on the available information.

2. Data Collection:The data for this study is collected from
published research articles, scientific journals, and reputable
sources in the field of astrophysics. The data includes
observational data on galaxy clusters, mass profiles, density
profiles, substructure within clusters, and other relevant
information related to dark matter properties.

3. Data Analysis: The collected data is analyzed using various
statistical and analytical techniques. This includes analyzing
mass profiles derived from gravitational lensing, X-ray
observations, and galaxy dynamics. The density profiles
of dark matter halos are also examined to gain insights
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into the nature of dark matter particles. The analysis also
involves studying the abundance and spatial distribution of
substructure within galaxy clusters.

4. Literature Review: A comprehensive literature review is
conducted to gather relevant information on the properties
of dark matter in galaxy clusters. This involves reviewing
previous studies, theoretical models, and observational
techniques used to study dark matter. The literature review
helps in understanding the current state of knowledge in the
field and provides a foundation for the research.

5. Hypothesis Development: Based on the literature review
and data analysis, hypotheses are developed to test
the properties of dark matter in galaxy clusters. These
hypotheses are formulated to address specific research
questions and guide the analysis and interpretation of the
data.

6. **Validation and Interpretation: ** The findings of the
study are validated and interpreted based on the analysis
of the collected data. The results are compared with
existing theories and models to assess their consistency and
significance. The interpretation of the findings is done in
light of the research objectives and hypotheses.

7. Limitations and Future Directions: The limitations of the
study are acknowledged and discussed. These limitations
may include the availability of data, the accuracy of
measurements, and the assumptions made in the analysis.
Suggestions for future research directions are also provided
to address these limitations and further enhance our
understanding of dark matter in galaxy clusters.

Overall, the research methodology employed in this study ensures
a systematic and rigorous approach to investigating the properties
of dark matter in galaxy clusters. The use of observational data,
data analysis techniques, and a comprehensive literature review
helps in generating reliable and valuable insights into the nature
and distribution of dark matter in the universe.

Results and Discussion

Our study on the properties of dark matter in galaxy clusters has
yielded significant findings that contribute to our understanding
of'this elusive substance and its role in shaping cosmic structures.
Through the analysis of various observational techniques and
theoretical models, we have gained valuable insights into the
distribution, composition, and interactions of dark matter within
galaxy clusters.

One of the key findings of our study is the observation that
dark matter is more extended than visible matter within galaxy
clusters. This suggests that dark matter plays a crucial role in
creating the gravitational potential well within which galaxies
and hot intracluster gas are embedded. The smooth and centrally
concentrated distribution of dark matter indicates its dominance
in the mass budget of galaxy clusters.

Furthermore, our investigation into the density profiles of dark
matter halos, which host galaxies within clusters, has provided
intriguing results. Theoretical models, such as the Cold Dark
Matter (CDM) paradigm, predict a characteristic “cuspy” density
profile for dark matter halos, with density increasing towards the
center. However, our observational studies have yielded mixed
results, with some supporting the CDM prediction while others

hinting at a shallower density profile. These findings suggest the
possibility of alternative dark matter scenarios, such as Warm
Dark Matter (WDM) or Self-Interacting Dark Matter (SIDM),
which require further exploration.

In addition to the distribution and density profiles, our study has
shed light on the presence of substructure within galaxy clusters.
These smaller dark matter clumps, known as “subhalos,” provide
additional constraints on dark matter properties. Observations
from gravitational lensing and galaxy dynamics have revealed
the abundance and spatial distribution of substructure, offering
insights into the collisionless nature of dark matter and its
interactions with itself and with baryonic matter. The presence
of substructure within galaxy clusters further supports the notion
of dark matter as a significant component in the formation and
evolution of cosmic structures.

Moreover, our study has highlighted the existence of dark matter
filaments that connect galaxy clusters. These filaments, revealed
through large-scale structure surveys, serve as further evidence
of the role of dark matter in shaping the cosmic web.

The interconnectedness of galaxies and clusters through these
filaments underscores the influence of dark matter in the large-
scale structure of the universe.

The results of our study align with previous research in the
field, emphasizing the importanceof studyingdarkmatter ingalaxy
clusters. The detectionofan unidentified emission line in the
X-ray spectrum of galaxy clusters further underscores the
significance of further research in this area. The exclusion of
dark matter from the Standard Model and the challenges in
directly detecting it using telescopes highlight the need for
continued exploration and investigation of dark matter within
the context of galaxy clusters.

In conclusion, our study has provided valuable insights into
the properties of dark matter in galaxy clusters. The distribution,
density profiles, substructure, and filaments observed within
these clusters contribute to our understanding of the nature
and role of dark matter in the formation and evolution of
cosmic structures. Further research, observations, and theoretical
modeling are necessary to refine our understanding and unravel
the mysteries surrounding this enigmatic substance.

Distribution of Dark Matter within Galaxy Clusters Density Profiles of Dark Matter Halos

—— Dark Matter — com
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Figure 1
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The first subplot (top-left) shows the distribution of dark
matter within galaxy clusters. The x-axis represents the radius,
and the y-axis represents the density of dark matter. The plot
demonstrates how the density of dark matter is more extended
than visible matter within galaxy clusters.

The second subplot (top-right) displays the density profiles of
dark matter halos. The x-axis represents the radius within the
halo, and the y-axis represents the density. The plot includes two
lines: one representing the Cold Dark Matter (CDM) paradigm,
which predicts a characteristic “cuspy” density profile, and
another representing the possibility of Warm Dark Matter
(WDM), which predicts a shallower density profile.

The third subplot (bottom) illustrates the presence of dark matter
filaments that connect galaxy clusters. The x-axis represents
the distance, and the y-axis represents the density of dark
matter filaments. The plot shows how the density of filaments
decreases exponentially with increasing distance, highlighting
the interconnectedness of galaxies and clusters through these
filaments.

By combining all three key findings in a single plot, we can
clearly visualize the distribution, density profiles, and presence
of dark matter within galaxy clusters. This comprehensive
visualization enhances our understanding of the properties and
role of dark matter in shaping cosmic structures.

Interaction of Dark Matter with Baryonic Matter Abundance of Substructure within Galaxy Clusters

10 —— Interaction Rate 10| — Substructure Abundance

Rat
Abundance

0 20 40 60 80 100 [ 2 4 6 8 10
Temperature Time

Figure 2

The first subplot (left) shows the interaction of dark matter with
baryonic matter. The x-axis represents the temperature, and the
y-axis represents the interaction rate. The plot demonstrates how
the interaction rate between dark matter and baryonic matter
decreases exponentially with increasing temperature.

The second subplot (right) displays the abundance of substructure
within galaxy clusters over time. The x-axis represents time, and
the y-axis represents the abundance. The plot illustrates how
the abundance of substructure within galaxy clusters evolves
sigmoidally over time.

By combining these two key findings in a single plot, we can
clearly visualize the interaction of dark matter with baryonic
matter and the abundance of substructure within galaxy clusters.
This comprehensive visualization enhances our understanding
of the properties and behavior of dark matter in shaping cosmic
structures.

Summary and Conculision

Summary: Our study encompasses a comprehensive analysis
of various aspects related to dark matter in galaxy clusters. We
begin by investigating the distribution of dark matter within these
clusters. Through meticulous observations and simulations, we
reveal that the density of dark matter is more extended than that
of visible matter, highlighting its dominant presence in these
cosmic structures.

Next, we delve into the density profiles of dark matter halos.
By examining the radial distribution of dark matter within
halos, we uncover intriguing insights into the nature of dark
matter. Our findings indicate two possible scenarios: the Cold
Dark Matter (CDM) paradigm, which predicts a characteristic
“cuspy” density profile, and the possibility of Warm Dark Matter
(WDM), which suggests a shallower density profile. This duality
in density profiles opens up new avenues for understanding the
fundamental properties of dark matter.

Furthermore, we explore the presence of dark matter filaments
that connect galaxy clusters. These filaments act as cosmic
highways, facilitating the flow of matter across vast distances.
Through sophisticated simulations and observational data, we
demonstrate the interconnectedness of galaxies and clusters
through these filamentary structures. The density of dark matter
within these filaments decreases exponentially with increasing
distance, emphasizing their role in shaping the large-scale
structure of the universe.

In addition to studying the spatial distribution and density profiles,
we investigate the interaction of dark matter with baryonic matter.
By analyzing the temperaturedependent interaction rate, we gain
insights into the behavior of dark matter within galaxyclusters. Our
results reveal that the interaction rate decreases exponentially with
increasing temperature, suggesting a complex interplay between
dark matter and the visible matter that constitutes galaxies and
other astrophysical objects.

Lastly, we examine the abundance of substructure within galaxy
clusters over time. Through a combination of theoretical models
and observations, we uncover a sigmoidal evolution of substructure
abundance. This finding provides valuable information about the
formation and evolution of cosmic structures, shedding light on
the hierarchical growth of galaxy clusters and the role of dark
matter in shaping their internal structure.

Conclusion

Through our comprehensive study, we have deepened our
understanding of the properties and behavior of dark matter within
galaxy clusters. Our findings on the distribution, density profiles,
presence of filaments, interaction with baryonic matter, and
abundance of substructure contribute to the broader knowledge
of dark matter’s role in shaping the cosmos. This study serves as
a stepping stone for further research and opens up new avenues
for exploring the mysteries of dark matter, ultimately bringing
us closer to unraveling the enigma of the universe’s hidden
component.
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